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(57)Abstract: 

PROBLEM TO BE SOLVED: To overcome the 
problem of a prior art such that an exchange coupling 
magnetic field becomes small depending on the state of 
a grain boundary even when a PtMn alloy film is used as 
an antiferromagnetic layer while the PtMn alloy film is 
known as the antiferromagnetic material with excellent 
corrosion resistance. 

SOLUTION: The grain boundary formed at the 
antiferromagnetic layer (PtMn alloy film) and the grain 
boundary formed at a ferromagnetic layer are turned to a 
non-continuous state at least at a part of a boundary. 
Thus, the antiferromagnetic layer is made to cause an 
appropriate regular transformation by providing thermal 
treatment, and the exchange coupling magnetic field 
larger than before can be obtained. 
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flfrlB^^K^4Ji«mil^*lRly!lS-S::^lp]l-$i^2> 

muR^m\i.m\t. ytmx (fcfc'Lxf*, pt, pd, 

I r, Rh, Ru, 0s<D5^ia*fcl*2ajiliiO5c 

[W*«2] BfIIBS^lKiiSSO:3tJKttStt. WIS* 
B:i5ffi5tBa(R] LTV 1 ^(O^^^^m. 

1 l]ffii:L-Cg$n5l?«'ti^fBS;J5ft5teSH|p]L 
T V ^ 5 3 * 7t «: 4 fc|E«©iSEil^-a-Ko 

14. Pt, Pd, Ir, Rh, Ru, Os<D5*)1 S* 

81 MI5v'-KU--r-^«. N i Fe-g-^. N 
i $)§VM4N i -F e-Y-g-^ (fc;t*LYI4s Cr, R 
h, Ta, Hf, Nb, Zr, T i infix's i!^:^i< 

lf»3ft99] *lIIB->-KW-tf4, (Ni 
i_,FeJ i_^Yy (x, yttS^it^) f^^ix. J®^ 



0. 5£;Tt?fc5i»*98lE<fe03^^*g-g-Ko 

[it*9 1 0 1 mm^y- k i^-r -t^^fi-c^asttrfo 

[fl^^lil Mia'^-KW'-r-lrroTJcii. Ta, H 
f, Nb, Zr, Ti, Mo, W(?? 5 *>^i^'iC < i: 1 1 

[ W^fl 1 2 1 taiaS^JKt^ i iy- V'uyf^ii <on 
ffio^^i< t >b-SRI4^8-g-4^ffi-CfcSi»*^7/iV^L. 

[fi*jsi3] BfnBssfifiSttStt. x-Mn-x' -a- 

^ (fcfcLTC^X' tt, Ne, Ar, Kr, Xe, B 
e, B, C, N, Mg, A 1 , Si, P, T i , V, C 
r, Fe, Co, Ni, Cu, Zn, Ga, Ge, Z 
r, Nb, Mo, Ag, Cd, I r, Sn, Hf, T 
a, W, Re, Au, Pb. RXf^±myi^<D 0 h IM 

l;^v^Ll 2^D^^-f3^^4clEig<o3Em^-&]Kc 
[i»^3ll4] HtllSX— Mn— X' TC^Xi: 

nfc@«lS@^<!tJ-eS>5fl*«l 3l5«<D35^!fe-g-|gt. 

[tl*«15l BdlBTC^Xfe^VMiTC^X + X' Wil§ 
^ittt. 4 5 (a t%) SX±6 0 (a t%) JUT-C&S 

[f»*« 1 6 1 wims.^mmm t ssiKttg t <D^m(D 

[»*«18l SSSattSir. 

fiS^t^^f^ /15 @^ $ ix6 @ SJKttg t . OTEH SfiSttS 
^^m^^ pa® Sr^ LT Ji^fig ^ ixfc 7 y -fiSttS i: ^r^fr 

T w <0 WPS Sr^ (t TS3S«ttro^ ^ =^ ^ V T ^ 
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1 9 J 7 y -m]im<D±Ticmm s ntz^m 

Lif*« 1 6 OV>-f Hd^JclS«g$nfc3S^^^K(- i 9 
2 1 1 1 7 L 2 0 OV^-f n*^lClB 

[000 1] 
[0 0 0 2] 

ft^S^^IJffl LfcGMR (giant magnetoresistive) ^ 
[0 0 0 3] r(OXt°V/Vu:/M»IK*T-M:. GMR^ 
[0004] iflfSX t° St^M 

[000 5] sfriss3s®tts t m'&w&.mt \-m\^xWy 
[000 6] 7 y -BSttaco«{t:(4> "tnnmK^m-^ 



[0 0 0 7] B(II2S3S^ttSI-H:, Fe-Mn (^*— r 
-g-^]^, N i -Mn (=5">-/U—T>;ifV) -g- 

^M. fc■5^^ttPt-Mn (&^— ^^1^^ 
5„ 

[0 0 0 8] 

[000 9] trlES^^ttSt-P t Mn-g-^MSrffiffi b 

m^mi:m-t:Lt\z.i.^x. wiUSMwrn^^m. 

[0 0 10] L;5^b/i;i5e>WIBR3fiattSi^jKttBt 
t , H^ai4S ^m^-f 5 «CiH4«i|sF(Dm^ t * 5 1 *f 1 

[0 0 1 1 1 *ISW{4±l2i*5t5<0^^/»9i1-5fc*© 
[0 0 12] 

it:)j\^7t>i-^U\^\^^ti?>^^f^'^micid\,^x. «FIHS 

^^ttStt. TC^X (fcfc'LXti. Pt, Pd, I r. 
Rh, Ru, O s(D0hlU^fclt2mSl±(O7t^Xh 
5) tMn tSr^W-r2.S3Satt«i|sf-e^fiK$ix. fftlE 

^^ki:^mt-r?>h(r)Xh?>, 

[0013] r r T-*^WT'W 5 mIfB^^B*![#i: 2 

r::-c ^^m^mnmm ofijxmsrwth (1992^ 

2^2 8 BBff) ) <DS5 SMJdii TiRfi^l^j 



-3- 



[0014] HI 2 6 (4;$:5IBJ(c*5lt5^ \^yyVi^-:^m^ 
'^m'»m (TEM) T'»iBlJLfc¥*T?fc'9. ^rro^^ia 

[0015] IKW^t LTfiT/i^fj, S i mm/ A 1 2 
Og/Tifig : T a (3 nm) /iX- ■ ^ i so 

F eao/S^^tt* : P t54Mn46 (1 5 nm) 
fiSttHLCo (1. 5nm)/Ru (0. 8nm)/C 
o (2. 5nm) ]/#^<Ktt>^[SS : C u (2. 5n 
m) : [Co ( 1 n m) /N i e 20 

(3 nm) ]//^s/^' KS : Cu (1. 5 nm) /T a 

[0 0 16] MI3S5^i«ttS. :fc<tt/@^JKtt»WfiS;li 
fifeK«Kf-'ffiffi$tl-2)Ar;^>^0?;(/;=^£E^3mTo r r 

[0 0 17] ±|SLfcM^^^*-r5:^f>'^-</i'y)^^ 

^a?: 1 O'^'T d r r t Lfc„ 0 2 6 tC^fSiiW^-^ 

[0 0 1 81 112 6^^?3t>d^.5J:5tix PtMn 

[0 0 1 9] — :^H2 ejr^f i p tUn-B-^m 

ttfllHP tMn-g-^<tt)t±{a!ll-}^^$ix/cStO# 

[0 0 2 01 ^Lxmmmi-msm.^Micti^ mnsp t 

Mn-g-t^M{-Jl^fiK$ixfcig^BSL#i:, P t Mn-g-i^IKi 

[0 0 2 11 rrT'ia2 8co;S^|llSr#^-r5i:. 
§^(c:*3ft.5;^t"'^^-<.'l-y^-Cf4, ^iJxLfffllHP tMn-g- 

^\cM!^^titcm^n^ (5) i, wiBP tMn-a-i^K; 
xf)h±m(o^mimm^titz.^^Bn^ (d (2) 

(3) tii. P tMn-a-4felKfc. ^ro±(Dgtw|?.ffiT 
[0 0 2 21 r;iT'MEigfBSf|f (1) (2) (3) R 

V (5) 14. 2ocD^^iK^5M*^ie^*'fi:^»oTi9 



^^B«i# (4) (8) (9) (10)43iUt(l 

1) tt, loroi^sert-C, I^^BE?iJi4S^ffi*t«;t/j:5 

[0 0 2 31 B(IIH^fB«C# (4) (8) (9) (10) 
ioXX^ (11) saiBP tMn-g-^fejgi'J t±ffi[l®# 
Mim^^tltc^^^^n (1) (2) (3) tl^ffiT-TF 

[00241 rcDi? \cRmm.^\cm^^ixt.m&n 
0. 9x10* (A/m) nm<o^^^^'Bmmmhi^l 

[0 0 251 ^Jcfrlll 2 7 tttitJl^JcjaftS;^ t'v/^yv:/® 

m^mwm (tem) -cafflufc^x-efc*). 

0y45|g2 9^c^$^^T^^5„ 

[0 0261 JKSfiKi L-CttTA^P). S i S«/A 1 2 
Og/T^SB : T a (3 nm) K W : N i go 

Fe2o (2 nm) /R^m^M : P t44Mn56 (1 3n 
m) /m'^mtmiCo H. Snm) /Ru (0. 8 
nm) /Co (2. 5 n m) D/^att't'mS : C u 

(2. Snm) /7D-fi514B : [Co (1 nm) /N 
i8oFe2o (3 nm) Kg : Cu (1. 5n 

m) /Ta/Ta^^CM, TfeS. ^ido^SlCfE^Lfc 

■y. S^^ttS, 7y-lK14*<Dmfi£Jt(4a t%-eS) 

[0 0 2 71 ±lHLfc*^BJlC*5(tS;^fW</l':/lgcD 
l^fiKtWSVM*, PtMn-g-r^K {R^m^) (OP 

[0 0281 BfJERSSattS, *5iT/@^ai4a<0^^ 

^K<Dgg(::'telH$ix5Ar;«f;^o;<f;^JE^0. 8mTo 
r r iLfc, */cBtFES^atMSr^M1-Si:t. S« 
tf'-Vy hPflcDiEilSrS Ommt Lfc„ 

[0 02 91 ±fSLfc^Bg^^r-t-^;^ f^/^VW^K^ 

^a^r 1 0 "''T o r r i: Lfc„ 0 2 7 fCS^-rSiim^^ffi 
[0 0 3 01 122 7f)^ht>:^^^X'^\C, Mff*Fp](-P t 
[0 0 3 1] m2 9<Dm^m^^m't^t. PtMn^ 
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tt. ^m^m^x^^nw (6) (?) i)mi&^nx^^ 

[0 0 3 2] ^fiismm^^^m^ (6) (?) 2ow 
[ 0 0 3 3 ] HI 2 7 ic^rm^m'f-mum^M^^i-i 

<, 0. 2 4X10^ (A/m) Sa<^)32m^-a-<K#b 

[0 0 3 4] &.±<DX^\c}^^mt'^Mtxft. si^m 
[0 0 3 5] *^eqcoi s^atteicj^fiK^ttfc 

[0 0 3 6] :^^mtm^£^R^m\imo:)mf$.'^ 
[0037] ^mx(Df^^nm^^^mi: ^titz^^m 

[00 38] l!tffi-e(D^^*a#;45ag!t $tbfcit 

v>5i:#;te.tv5o rrofc*fi*!3!S^ISLTt>> MISS 
[00 3 9] *t5;*:^P^-CttgllSS^fiStt«©^SJ|a* 

[0040] *fcHfrtEsanBtte t mm\m(D^^&s.m 



[004 11 :ir(!^W{Ctt*^?gT'tt, HtllHS^^ttSX 

IfrlE^ffi'^^^SSI-f* (1 1 1) (-1 1 1) ffi, 

(l-ll)ffi. (ll-l)ffi, (-l-ll)ffi, (1 
- 1 - 1 ) ffi. (- 1 1 - 1 ) a. (- 1 - 1 - 1 ) ffids^fe 

[004 2] Jfe*3ll! 2 6 t lil 2 7 (C^^giiaT-S^iL 

Rx^it^mthiz. ia[ffit¥ff^<c:&iRjic[i 1 imt^ 

[004 3] r w J; 5 i:^ffi;S^^ffid5S^<Kttg 
[0044] *fc*^B^»4, R^^ttS i:?ilKi4g t 

:)jmz^H^^^m'^mKi3\,^x. mmR^m^tim 
[0 0 4 5] ^(O^B^-ett, WsWMmt 

[0 0 4 6 1 3*:^eg-Ctt. S3SfiStie{CJgfig$ttfc'>/£ 

[0 0 4 7] 1-/ib*j|ll2 6*5<tt/ia2 SiC^f i5 

14. 2XS«S#Sr*-r«C# (4) (8) (9) (10) R 
U: (1 1) ;JsmnTV>2,. ^:LTmP>^^»#^4^^■f 

[0 0 4 8] ^tz^:ix. m2 6\cm-tim^ttimo 
m^m^mf-m^m (tem) xmrnvtz^n^ms o 

[0049] j^^fifellTd^b. S i S^g/A 1 2O3/T 
«S:Ta (3 nm) /v'-KWir : N isoFe 
20 (2 nm) /R^m\tm : P t^gMngi (1 6nm) 
/HSfiSttSECogoFeio (1- 4nni) /Ru 
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(0. 9nm) /CogoFeio (2. 2nm) l/^M 
14* : Cu (2. 2 nm) /yV-m^ : [Co 
BoFcio (1 nm) /N isoFego (4nm) ]/Ta 

(3nm) -CfcSo ^j;fc'fil5il^roic^I«^S:^LT^^ 

^JtHa t%-e&5„ 
[0 0 5 0] BtFlES^JKttS. fcit/H^SItt*©^^ 

fiKIKroKlC^ffl$H5A r ;</;^(0;«f;^JESr2. 5mTo 
r r i: Lfco *fe*<JiBS3iUKtt^?r^lR1-5<!r#. S« 
i: ^-y h raoSgfi?: 8 0 mmi Lfc. 
[00 5 11 ±12 tfclR«fiK?r*1-5;^l^^^Vw^lK?Sr 

1 O'^'T o r r t Lfco i'its ^ <OStiS*»lTi4gl 2 6©% 

CD p t M n (om^it-^mm. im^^^j: if^m^^o 
[0 0 5 2] 03 oic^-tmmm^mwi^^Mi-i. ±ib 

[0053lil31tt, USD iC^-tTEM^M(Dm^ 

n-cfoSo 113 R^m\tm\a-i. mm 

[0 0 5 4] gEfcfftWtfci 51-112 7joJ;0!!il 

2 9 (rs^-rjteEfisj-ett, Shafts lc^S;J5jg^^tiT 

[0 0 5 5] 51-. S^ettSf-2!{#B;i5jgfig 

m-^mn^m?>^ t t 030 iC7T:i-im^-c(D 
^^^■^mmt. m9. 3x10^ (A/m) -vh-o 

[00 56] t r 5-e|fIIB3XS^#tt^ll©|!gic:i3V>T 

[0 0 5 7] *|6W-Ctt, fie^m(c*jv^TBtries3Sfii 



[0 0 5 8] rr-Cg3i<KttMi:?iJiKttSi:®#S#ia 
J;5{c2!JfB^#ttJ^fig^ix:^iv\ WlSIf* 

[0 05 9] tm^t&M^mmt. m26-^m30(DX 
[006 0] /<e*jia 3 0 \^?r:-rMmm(DR^m^Rxf 

[0 0 6 1 1 *fc*||BJ-ef4. fflE3?fi*#i:*tllB#ffi 
ffi<D(^:^|«. 6 8' &^±X76'' SlTXhi,:itim-^ 

[0 0 6 2] ^fc^^wctt. Bfri23i^ttSi4. wimn 

[006 3] :iFimm(ox 5 ic«riss3sattisi/5amtt 
^m^f^^mtm%m\^Lx\,^?> t. :k^^m.nmit^ 
[0 0 6 4] -^tz^^mxii. BimR^^mmmfi. ytm 

X (fcfc'UXi*. Pt, Pd, I r, Rh, Ru, Os 
W5*jia*fctt2aj^Jl±07c^-C$)5) tMntSr-^ 

[006 5] * fc*^l^-Cf4. ±EO j; 5 

1 Lr^$ti5^«^i^SSt^i5i5Jc, m 

[0 0 6 6] *B?^-t?«:. MIH^Sm^-a-KK. T:i-f>R 



-6- 



[00 6 7] ^<DX 5 ic^^m-cnRm.m^(DTmic 
[0 0 6 8] t.fz^mm-v\t. mm^>~ K^-f-ttt. n 

iFe-g-:^. N i fcSVKN i -F e-Y-a-^ (fc^cL 
Yfi. Cr, Rh, Ta, Hf, Nb, Zr, T i iS^P) 

[0 0 6 9] *fc*fli5i/- K^'T-^li. «a^S;>5S (N i 
i_,Fe^) i_yYy (x, yftS^H:^) "CS^^tl, M^F- 

it*xi*oeii±-eo. smT-e. m^-tt^yi*o£A±-^ 

[0 0 7 0] 4fc2|s:^M-C»i. tf[S2'>— KU"1'-\'©T(c 
tt. Ta, Hf, Nb, Zr, Ti, Mo, WO 5 

[00 7 1] ^h\c:^^mxfi. MES^^tt® t ~>- 

1 « 1 T-mi-S^ffi© r fc Srfg-r. 
[0 0 7 2] t:L^-V:^^mX'ti. ±f5LfcJ;5(::S^ 

[0 0 7 3] s.^m\m\cmm^ 
fettle. itii2->-KW-ir©ifeS«ati-J«)*$n-ftc 

[0 0 7 4] SfcJtC^BJ-Cll. mi5S^attStt^ X- 
Mn-X' -g-:^ (fefe'LTC^X' Ne, Ar, K 
r, Xe, Be, B, C, N, Mg, Al, Si, P, 
Ti, V, Cr, Fe, Co, Ni, Cu, Zn, G 
a, Ge, Zr, Nb, Mo, Ag, Cd, Ir, S 
n, Hf, Ta, W, Re, Au, Pb, 'SiX^^±Wt 

-CV^-Ct><tV\ :L(r>m^^ gtllBX— Mn— X' -g-^H:, 
Tc^x tMn iT•®fig$^^5^Fm^^<orat^:5£^x' 
i65«AbfeftAM@^f*:T&!5. foSVMi. TcSXtM 



xhito 

[0 0 7 5] Sfe^^BJ-Cti. taiE^E^XfoSV-'ttTt;^ 
X + X' COitefStfcfi, 4 5 (a t%) £l±6 0 (a t 

%) OTT-foSr ^iE-f-SSIf^SSl-i 
t). MISTE^XfeSV^I^Tc^X + X' cD|afiglt^s±ISI6 
iaF*?-e$)'5t^:'j:< tt.1. 58X10^ (A/m) £1 

<I4> HtlfB5c^X*>5l^tt7C^X+X' <D«afigittt, 4 
9 (a t%) £^^±5 6. 5 (a t %) SkTXh^o 
[0 0 7 6 1 t.ft^mmXii. fllBS§^attSt^?Ktt 

[007 7] *|geqt?«:. ±l5Ufc2g^iig-a-|«^«>!r'fc 

[0 0 7 8] s^ati^t. rosssatts 

iBsaattst ^(o^^m\imtmi-xM^^tifcm& 

[0 0 7 9] -^tc^mmti. R^m^mt. ::<oS3^a 

^m^\mmi^^mmi:'fi-Lxm^^ti±y]>~m^ 

[0 0 8 0] *fe*«Mtt, 7 U -attg<0±TI-a^ 

attS i: n OKSSattS fc^ LTJ^fiK $tLfe@^att^ 
[008 1] *fe*^B^tt. ^a^Sr:^)- urate e>tL 



-7- 



[0 0 8 2] *fc^:5l?^lcjottS»)«ft— KH. ± 

So 

[0 0 8 3] 

BSffiW;6^f>^fc»rffill-C&5„ Ill-C}iX:^lR] 
[00 84] z.(r)i/i/if)\^7. If ^/vvysfisae^^* 

kt" -f ;^ iicommtmm-nm^-^ [bj « z *ip] -efo 

So 

[0 0 8 5] Ell Oft^>TI-fl^^S:$^^T^''5(OilTa, 
Hf, Nb, Zr, Ti, Mo, W©5^ia*:fc(42 

■^22(0{lll}St Ur^^tbS^tfi'iS^ffiSr. 
1^ t ¥tT)^t:&|pJ l-S3fegS|nJ $ -Br 5 fc * tr^ htifc h 

[00 86] MI2V'- K l/'f 2 2 ± t LTli'L^Sr 

f^^Wf- {111} ffii:br^^?tL5^ffi*fefiffi 
>i5ffi5feaB|fi)$ixTV^S. BfIiSv'-KW-\'2 2«:, Ni 
Fe-g-^, N i fc^VttN i -F e-Y-g-^ (/c^fLY 
H:, Cr, Rh, Ta, Hf, Nb, Zr, T i d^e>il 

«tu?)i!^Jt< t'bia«fctt2aieji±) , Ni-Y^^ 

[008 7] /i*3BfIISv'- K U-r ir 2 2 14. B^^t^ 
(Ni,_,Fe^) i_yYy (x, y«:m^=-tt*) 

Tg:^B$ttg45.u^*w±w#s<o[i 1 i]aoffi5feBa 

[0 0 8 8] rr-e r^ffi^i^feSj ttt. $7-ifS 
S^fflv^T^LfcigfBt&^ffiS:*U MI2E1 1 iDffitL 
r^^tts^ffi (i^^) ?'<cigfBffifcb-c(4 (111) 
ffi, (-lll)ffi. (1-11) ®, (11-1) 
a, (-i-ii)ffi. (1-1-1) ffi. (-11- 
1) ffi, (-1-1-1) ffiii5#ft-r5. 

[0089] -T'fei^-^^^MT-fi. mliav- K W 2 

2 14 (111) itit^m^i (1-11) mm^ 



[0 090] * fc*^?^-CB:Hfrl5i^— K w-f 2 2 (4S 
(Ti/^p* by-) <Dmit%:&<:^t-diX^:6tti> 

{c, #fi£tt;ci-5/cJ6i;i?S!jn-rs7c^Y (^5^) oa* 
-r-V2 2--i©^^s^ffli$ijf tds-erig-e&So wis-fe 

v;^miE>i5v'-KU'-l'-¥2 2tc5^^^£L^-r<'^CSi:, S 
gt^-fli^ (AR/R) ro^ST-^^VV'^'/^'>-^^/-f 

[0 09 1] miiHv'- Ki^-f-t 2 2 iwrn^x-mm-r?) 

\ai^ ±IB LfcttK© 5 *>N i - F e - Y-g-^ (fcfc U 
YI4. Cr, Rh, Ta, Hf, Nb, Zr, T i A^h 

xh<o. Lt^hmmtw-rff£:^mc. nmm\cLi i 

HfllS:^- K v-r -Ir 2 2 {4. ■^J;?:t4 3 0 AS* 

[0 0 9 2] BtrtHv'- K U'f ■¥ 2 2 W±l^l4S3iiattS 
4;65jfM$tt5„ mIfSS^SS14« 4 {4, tc^X (fcfc'U 
X(4. Pt, Pd, I r, Rh, Ru, O s © 5 *> 1 S 
4fc(4 2ffiJJl±<D7cl|T-fo.5) irMn ttr^^T-f-SS:^ 

[0 0 9 3] rtvbe^kSfTC^trffiV^fcX-Mn-a-^ 
f4. BAtti-ffitl-, *fc:/nydrVi5^fi*f)S<. $ 
ic^m^-^mW (Hex) Sr::>c#<-e#5*ifS^^tt 

p t ^ffl^^Sr t;?iW*L.v, «^JxLri~7c^-ej^fiK$tb 
fcP tMn-g-r^5r^ffi-f Sr t^5-t?tS„ 

[0 094] ^tz^^mmx'ti. fiES?s^tta 4 stte^ 

XtTC^X' (fcfcLTcS^X' (4. Ne, Ar, Kr, 
Xe, Be, B, C, N, Mg, Al, Si, P, T 

i, V, Cr, Fe, Co, Ni, Cu, Zn, Ga, 
Ge, Zr, Nb, Mo, Ag, Cd, Sn, Hf, T 

a, W, Re, Au, Pb. iit;^l&±S7C^CD 5 *> 1 « 
*fc(42g^±<D7C»-efo5) tMn tSr-^Wi-SS^ 

m^U')^xmmLx^i.\^\ 

[0 0 9 5] /idofJlHTC^X' (c:}4. Tt^XtMntX 

[00 9 6] ftASH»{*&5v^i4a^M@®«Ji:-r5 
ii:T\ ^mx-Mn^^m<D^^^m!^it^X. tfllS 
x-Mn-x' -g-^ro;^^=-«|gc^;»ct <-r5r tiSsr-t 
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5 r t i-X'^ . mmRmmBm 4 1 m&m^ 3 ton 
i&r HSiKtts 3 1 (Dnmxm^-r?>^^^-^mn 

b, ^Stt:^;^CD#;!!f;^7C^ (Ne, Ar, Kr, Xe 
[0 0 9 71 /i*5. 7c*X' {c;if;^^©5c^?r^ffl L/C 

[0 0 9 8] f£i6:^mmx\t. »*Lv^^^rlB5c;mx' <^ 

«a^$6ia«, a t%-CO. 2*^?5 1 Ot?fcO, iD$f* 
U<I4. at%t?, 0. 5i)^h5Xh?>o t.1t^^mx 
ttttflETC^XttP t-Cfc.5ri:!6S»*L<. iotP t 
-Mn-X' -g-^Srttffl-t-6ii:!45$fiiu\ 

[0099] isicjctiiiBsssjKtts 4 (^±(c{i 3 mmxm 
[0 10 0] Mia@;tai4l3«, coKi 1 tRuK 

1 2i:CoKl 3i:-C?^^$jx, fllES3ajKtt®4 to 
#ffiT?<D32«l^-g-e£#^ttffi(FEC oK 1 1 t C oK 1 3 
(OHJCRuMl 2Sr^L-C«l<RKKY6^S3i^ttS-a- 

jcifjsfiiacoKi 1 1 coiiEi 3<omit:^mt:s.\>^c 

4 t ro#ffir^^-t-55;ife^-&^#Sr:*:# < S r t ;is 

[0 1 0 1] **3BfiiBCoKi ntmx.ti2 0 An&x 
m^^ti. Rnmi2tt8An&xmi^^ti. comi 

[0102] **5flfiE@s^ttg 3 tt 3 mmxm^^ti 
fi<xh0i<. mx.iiwmmx'm^:^tixhx^\ *fc 

12, 13H:. ±|ELfc:fiStt«i|sf£-l^Wtt^;|SF 
tcioTS^fieLTfciVV ^SIxUHirlEgl 1^1 3!C 

[0103] KriBs^BSfts 3 (D±\z\t^m^'pmm 2 
s^^m^ (TMR^^) (7)##. Hftis#flStt'?FaM2 



[0 10 4] ^f>tCBfrfB*{Kttt^ffl®2©±lcii2S^ 

[0105] Hftl27 y -^14* 1 tt, N i F e ^:^M9 

tcomi o<D2mxm^^in^, n 1 id^-r i 5 i-t?r 

ISCoMl 0Sr#^ttt"FBlg2i:g?i-5fi!lliJi^^2)Cl 

t J; 9 , mB^m.^'PWim 2 1 (onmx(D^mycm^ 

[0106] >£*5Bfl|HN i F e -g-^M9 tt, mx.iimW. 
N i ^ 8 0 ( a t %) . F e ^ 2 0 ( a t %) t LT?^ 

fig-rso *fcMieN i F e-^^m9(Dmmi:mx.i-i4 5 
[0107] mi (-:^-r <t 5 tcfiE7 y -ssEtts 1 

(CttTa, Hf, Nb. Zr, Ti, Mo, W© 5 *j 1 

^mm7i)m^^i%x\<^^o 
[0108]^ P)ii*fFfBT«ss 6 i^h^mm 7 tx<Dm 

#(cioT7y-^ttSicDjK{l:tth7s'i5'(i*i^ (in 
[0 10 9] mts.y^-v^<4r:^m5, 5«, m^\tc 

o-Pt -^^^Co-Cr-Pt 
^IIS8, 8tt. a-Ta. Au, Cr, Cu 

«18, 8«. 7y-<K14BiroTffli> S3S^ttg4 

[Olio] t.it^^mx\i. ±iBLfc7y-»ttgi 

<?)±(::, ^JRI^i|s^&5^^(:imKtt^JaoCu, Au, A 
^12/^5/^ Kg<0)^ttl 2~2 0AaSt??]^^$ix 

[0 111] t.tzwim^ms7\ai. T f^tiiff)^^^^ 
[0 112] ttie^^s'^ KS^^j^^^tLSr ticio 

up s p i n) ««i^(:ifc{t6¥*SS*ie (me a 
n free p a t h) ^jSi^ U V>*Di^S;^f 
yl^^— (spin filter effec 

[0 113] ±faLfc«-«=S:aBUfc^. *I§?^-C«m 
JOiS^ifiL-CS^SEffiS 4 H^filttS 3 t cD#ffi{C32 
(Hex) iSr^^^*. rW- J: (9 flfrlHB^e 
fiStt^3ro^'fb«r/^'i' (0^y:^irj) {cH^-rs 
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[0 114] B^rl^^$^ialpI^-o^^-cw[. ^tcs^att^ 

[0 115] *BB^-CH:±ELfcJ:5{c. S^ai4®4 
KW-^2 2H:. ft«tt(-[l 1 llffit LTS^tb?)^ 

2 2 i: 1^ C^Sffi^JS^ffi t W^fRl ic^^feElR) $n 

[0 116] ^x.«i>'-KWi'2 2«, KffitW'^j: 
;^rR]{c (-111) ffi>iS@$fegSlR]-t-5»-g-. *flE->- K 
W •¥ 2 2 ±l;iJgfig$ti5S^^ttS 4 tlKB tTOfc 

(-111) ffi;6Sffi$feffilRj-t-5o 
[0 117] $blcS(rlSS3S<Ktt^4ro±tcJi^fiK$n?> 
3 t * fcS(rlBS3fiai4S 4 i: 1^ 

[0118] •r'S*3*)*IIWC{i. K U'l' -Y 2 2 . 

f^^6<3ic {111} mtLxm^ix^mcmm-fj:^ 

[0 119] **3*^?^-C«:. Hfll5lffiffii:W'i;^fS]li 

|pJl-5 i:)KJ?:;^|pj(^M^-rofea>!i5®r 9 il< , 

[0 12 0] *|g?q-ej4r(Dj;5J-S^«ttl4SUt® 
«^fcElR)-r5;65. $P>»C3|s^e^t?tt. tillB^Sffirtlc# 

TV'>5<Dt?fo?> (|gl4#M) o /i*3EIl 4-CI4, t^x. 
ti (111) SF*3lc#^-r5 [110] irES 
SiiKtt^ 4 i: B3gjKtte 3 t •C^V^(CS^CS*[6J^I6)V^ 

[0 12 1] rcOipJ^iifeSiaiRJ^^CSl^Ht LT 

tt, s{ifBR3s<Ki4g 4 1 HSjKi4s 3 1 ^^mm m 
[0122] mx.iiR^m.\tm 4 (ouns.xm^it^m 



[0 12 3] 3it°<?:^rv'^/i^WlCfi£l^$tl5i:, K^M 

14S 4 1 HSiKtts 3 fc x±x(of^&:)fm^^mm^ 

#ffi-f-5. S^iKtt«4 t@S^ttS3i:(Dfc5ll-<D 
4 (7?If ^•(OiBJiJ t H^JKttg 3 <0S^ roE^Fij t ;65 1 1 

{cmu-^-t-<''i5 (SI 5#M) . fiismi 5»ri4A 

(I^W^ieHi: LT. (1 1 1) [1 1 0] 

K5SiKttg3 1 t3SflJttg3 0 tT-P D^tip]?: 

[0124] r 5 /i^^EiRjdSfiAliaBtrwmT-fe 
c■cv^5t. Btri2S^{Kttg4t4fRi«ia^iSLT't>@;t 

iK{4S3 0^fB«iit{ci6]^$ti,T. )i«3^i^MiMiS:je 
[0 12 5] 3|s:^iqT?J4, ±IEcOi5''i:te^dr->•1r>'^ 

^i^tt* 4 1 m&m^m 3 ^Bt 

¥fT/£;^f6]tcga[P]L./fV^ftb,<DSeSBT'(4. tffSSSfiatt 

s 4 1 m^m\im 3 1 -ctom# i^»fc-f . ^ <omm. 

BfrEKB¥fi^tieip]LfcBfJiE3fefBBl^{-#S-r5, &5 

m^M^ 3 tX'S.\i^izmfi^:^\^i:\^^^X\^-^^<OX$> 
5. 

[0 12 6] *^eqt?l4, ±IELfc^ffiElB]SriC$-1i- 

•lr2 2^13: ttSit-CiilBv'- Ki'-f-t 2 2±(c:j^fig$ 
4 &Ut@!gJKtt» 3 «ffiB t ¥^f >Jc:&(^o 
»i|^C^<B^j:^^B*5ft3tE[pJL. r coi 5 'ic^SBBrRj 

[0 12 7] *fc*5ll^-C(4. ttrtBS^«ttg4R05@ 
««ttg 3 ro^BW^j:*l«!)t-ElSJ-t-5*fFlEfe^Bl^{c 

#«{4. flft*!La©|!g-eiIIHS^ettS4l4@^<H4S3 

(oi^^Bmm\m^^iv-r\^. ^mRmt Lxo^m-t-^:^ 

SPO^^«5gdS C u A u - I MroB'L^jE:&ffiIiJ*&^ i: 
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[0 12 8] *yc:*^B^-Ctt. WTcoip^i^Si^^^r 

So 

[0 12 9] ■r?ifc)*,^:^?^-C(i. ltsH§I^ffit-^J:>tb 
[01301 >S*3*^B^ -cw 5 HfrfESfB&# t fi, 2 O 

28\^^-tm^u) (2) (3) Axf (5) ti. m\ 

^'j:M^4:|i#*«ffc*^^BfI#ro«#T•^> 9 . HI 2 8 (cs^-r 
(4) (8) (9) (1 0) (1 1) 

(01311 11126, 28 (0 26 f±@jg«^-S^^¥ 
K (TEM^K) , la 2 8 ttia 2 6 
El) (c*1-J;5{-*lilMt?tt, PtMn^^l^ 
ttS4) (Cj^fie$ixfciefBi|a# (4) (5) (8) 

(9) (1 0) {1 1) muR^m\±m4±M 
^cm^^i^ltz^s^n^ d) (2) (3) Siiie# 
S-CTaiBS''£«ffil-'ioT*3 9 , r o J; 5 '"^^^igE^ffi 
>!)5^C5J1^JC«, MIB#ffi(;i*5V^TR?fi^14S4©M 
ffi*-r^<DJSfBffii:> BSBSttS3roKffi*rRiroS^fBffii: 

S?•i5*|Rl4rlR]V^T^^5t.(Di:^t^B'Jt?#•5o tfcSUOH 
litSJt LT^Iffcia3 0. 3UCj3VNTt. SSS^ttl 

[0 13 2102 6. 2 8. 3 0. 3 1 tCi^l-^^Wit 
tt. ltt!S«3Jt L-C^$ix50 2 7, 2 9 (B12 7{4Sii 
m^mWim^M (T EM¥X) . m 2 9 H:EI 2 7 Kmt 

^m<om^m) \c7^-r^^m.m ttmb Mcmti: 5 r t 

j55fc>/!)^5„ 02 7, 2 9-ett, P tMn-^-^M (5^S£ 

;S5 ^ ;ix T V ^ S >i » T- fo S „ 
[0 1 3 31 stt^Bgwj; 5»-02 6, 2 8, 3 0. 3 1 

iCT^-tii 5 :'ifefBSI!i^*-r 2)S!ft^^K-efo'5 1 . fig 
tl. Lfc^5oTl^«!!ai-<fcoTmrlER^lKttS4(4@S 

[0 1 3 41 *fc02 8ICS^fS[|!L (4) (8) (9) 
(1 0) (1 1) . t-Jti^^j^fBa^fi. I^ffifc* 



[1 1 list L.Tg$*x.5^ffi''j:^SlB^5g5fegai6ju-c 
[01351 ''ce*5^B% t tt. 1 owi^Krom^A^s 2 o 
ffSrV^5« * LrHfIIE3?fB(c:H:^ifB«[#:4S?^^$ix. M 
2), rdJ;5^i^fB;iS^i:5<Dtt, p*9^lS;;^j<DMSi(Dfc 

*-e*)2), h^i:7).\zM^^Wi>m^-^nx^u^^^<D^ 

igfP^tTX-r. 02 8©i|a# (5) . 03O©S[|?.©± 
Ofi. 2o(nm^Bmmfii^m^^'SL^%^X^^fl 

^n(Dii^^m^m-fi>mmmm^i\,x. wi^n^^ta 

[0 13 61 *^?^roJ;5(-*frias^fi£14gliJi^^$ti 

*3V^TS3i<KttS4ro|RS;^l^co^SSt. HS^ttS 
3©]^S;^|6]roig^Bffii:J;i#«-t-5. fcSPC^ffi'S^ 

[0 13 71 *fliBS3a«att^4(4figl^^. flR*!ia^liS-t- 

t »c i c x^m\^'f-fi^hmm^^(j^^mtm ta 

\z.mt-r^w.^mmm^^fi^o ^\.xz.(Dh^mm 
[0 13 81 ^^s.Rm^^mif^^mm^f-ii^hmm'f- 

[0 13 91 lttJEtSJSr^t-0 2 7mim2QX 

(i. mm^m&'&m\c±<i5L^mmm^^nx\,^ti 

[0 14 01 4fcafri5S^^ttS(-^fB^I^;JSfl^fiK$tt 

^i3^^<n>^^m-itbhws.mii^ixx\i^^ tmmx' 
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[0 14 1] '^i*3:$:^M-CH, Bfri52Xdl^#t ilfB^ffi 
fklrort^ie (112 8S.TJf|a3 W:6 8° 

jjii-eTe" EAT-cfosr i:dW*L-v\ *>/£;^^i;i0 2 

if-Bi:w>i;5-rR]tc[i 1 imti.xm^ti?>mmfif^ 

10 14 2] *fc;*:^e^t?(4. S^ettS4 irHjeSStt 
t S^^ttS 3 t ro^feSai^d. mllBSSS^ttS 4 t B 

[0 14 3] i^-TBLmmm^tm^msi 
[0144] mm.^m&.'&m 4 asatts 3 rosii 

[0 14 5] m^mw^^mM.\cmm.{in^noo 

So PtMn^CoFe, N i F e 

{hk 1} (DBPflPi!*. fcaesK^-cfosfc*. #iHi 

^fiE^(C^«^<C {hk 1} ^^iSit^f+ft^fSitid^-C 

lL$^^fc. ^M^m.mc {h k u /<c5ii§s<Djt»f+i-t 

S3(DSjS«T-^lH]ST»!!l^b#f>tl./c[Hltfri^^!S5. 

|^#(t {hk 1} ^^i@SiJcolHlSf«^S(-ff5. 
[0146] ^ LT±IE LfcSSS^ttS 4 roSiiW^H 



[01471 4 t HSfiSttS 3 

[0 14 8] *^M-ctt. ^mmmu^noh. mm. 
ttM 4 ©iHim t m^m.'im 3 oiiisf^i -ei^ 

mm^(Dmm'^tx':s.^^z.-^-t^ (016. i8# 

M ; 0 1 6 fiSiia^i^lHl^^, El 1 8 fi^ 1 6 tc:^-r 

[0 14 91 $ e)j-*^Mr-tt. m\m^¥i»i>^f£^ 
(Dmm^xmm.^(o®9i'^txm^\c-fiix\i^^<D 

(1116, 18#fig) . iixfi, i-J^ci^tjJKffit 

4 t@^attS3 t-csv^l^5]^^T||#ac>to^:^^J^cv'>r 

[01501 i^|geg-C(l. HIT. 19 (017 

«^;^[i]ST^. n 1 9 (in 1 7 ic^-riHijftiwm^ii) 

HI 7, 1 9 {d^-rJtgS^-Cf*. 

g 4 irHSattg 3 i: roIHi^T^T•E^^^C-i5:Lrv^S>4- 
?>■^^)2.„ 

[01511 2^^?g-e(*ll 1 6 ic^-r J; 5 ^SSiSmi^^ill 

'>^j: < t 'b-$B;a^ BfliBS^attS 4 t H^^ttS 3 t 
[0 15 21 <toT±ISLfcSiiitt-f^lHlJr^;S5#P>tl- 
attS4ttigf]/ijRIiJ^ffi*eu-r:^t). 

[0 15 3] fiitoy^wnxii. MiB^ff*ip)f-fita-rs 
iHii;fSE>^cti. f^^WJ- (111) mt ur^^ns^ffi 

[01541 sfc^Bi^T'tt. muKmm.mA t 
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[0155] ■r>s:t>*>*^w-ei4, 4 t @^ 

W^*, S^«tt^4S.U^SS^t£g3®^^xm(co 
V^TI^NftSJift^^iiSlHlSf^Sr^S (0 2 05.1^0 2 1 
#M ; 0 2 0 ttR^SStt* 4 ©|HlJf^ro«^BI, 02 1 

[0156] mFiaS^BSttS 4 3 ©Sii 

tW^i^M* (111) ffi^it'-efes. /i*5*3§M 
-c«, Mi2#ffii:ait^j:*iR)»*, f^«fi<jfc<i i i 

ft«6<){c[l 1 llffit L-CS$ti.5^ffi''i^Sffi-e&5 

[0 1 5 7] jj:»c, ^f^^mmom-^commm'i-mm^ 

Oo Rmm.'&m 4 h a^iKtts 3 

•r fc> *.t&^ffirfl Rsoav fo s fc 4 ros 

iSWi^ijSlHlSTaE/Stx @3t<Kttg3 0SiSm^i^lHl5r8E 

[0 15 8] *5s§^-ctt. m^m^m.M.<D^h. wMm. 

^Anm^'^b. @3tjKtte3(0|Hl^#t-Cl^CJgic 

fc{g?®il$ (^SJ®«l®i:fi?®i^@. St^ailSCDt^JBW 
®) {4. iiIISS^^tt»roiiI^^03t«ffiBoiiIJf^ 
t-Ci:vMc:-rtifc:Kffii:>'io-C\/^5 (ia2 2#M) „ i 

[0 15 9] ±l2<^*5IB^JCt3(t5Sii«-?^[Him 

ft, 0 2 3^iv^Llll2 5 m2 3}^iRmmm<r>m^^ 
(om^El, ig2 4tt@s^ttSw[HitFf^(D«s;!ii. [212 

5liia23i:gl24t *aiaS)i:)-e-fc:^^EI) I^S^flt 



5. 

[0 1 6 0] 02 5tc^1-J;5(-, fc5lHlJflI^d^f>i^ 
Sf ^SU^eSttS iHlSf ^ t -C2 V >Ji -15: L -C 1/ ^ 5 f> 
[0 1 6 1 ] 02 0/j:^^tll2 2(c:^-rs 

[0 16 2] J;o-t±ISLfcSjil;-?«lHl*f^;6S#?>n 
[0 16 3] ei±roj;5i-*ll§gi-*5(j-5;^fc'>-/-<ywy 

[0 16 4] ^m^^mhyt. s3sattS4rois^roE 
[0 16 5] ifi\z.m^xmusMm'&mAnmitmc 

14S4;65jg|iM^§|tigr$7SV>#-g-lC«, 35 
[0 16 6] JifSLyc^lir®|!gl^t5lt?>*ll^««l. S. 

[0 16 7] *|g?q-^tt, S:^ei4M4C07C^Xfc5v^ 
ttTC^X + X' (D©^%^4 5 (a t%) £(±6 0 (a 
t%) WTI-tS^-rs:ii:dW* rtiiCtoTfig 

^fx,. \.t^\,mw.Rm^'&mA\-mwm\^iioxmmfi^ 
[0 16 8] ^L-c±fs<^mfig®iart-e?Kj*$nfcs^ 

w^fBBBipj*, mmbm7fiiij^\^m\:^^mf£.^^m^ 
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ttg 3 (Dsgfaiiaif- 1 ?r#ffi(o/>/i < i: t -sp-e^a^jfe 

1 1 ]BpgB[R) ^ hKBlBR^Mi^m 4 {;ij|^^S$ti 

«1 . 5 8X10^ (A/m) £A±<03?gl^-a-a#^# 

[0 16 9] *fc:$:|gM-ett. mllBTE^XfoSv^liTE* 
X + X' «DM^%^^ 49 (a t%) JJil±-C56. 5 

(a t%) WTt-^S-rsr tiiS»*LV\ wjLlCit) 
7. 9X10^ (A/m) «±(D3^ii^^S£#^»5 r 

[0 17 01 *fc^g-g-«liSr?^fiK1-5icmS'iC*tFl2^ 

ngfi. s«ta«, s«/-^-rT;^m£E. ^Kiss's if-cfc 

[0171] *|Se^T?tt0!lx.ffHft!BA r :«'^JESr 3 mT 

o r r ir-rSo iitzmMmumi2 0 0t;ei_h-r'3 0 0 

tJilTi: «i«!.aNFr^Sr2B#FB^£JL±t' 1 G'^T o r r 
[0 17 2] *fc*^?gT-f4, ±IELfcSfBiaiS]5r*f 

mRmm^m 4 1 s t (o^^^n^pn < 1 

[0 17 3] *fc±l5LfcS3fi«^tt^4 i:H3ea^tg3 

2 2 tR3SlKtte4MlCl>aSiJ$n5o •t'fei^-^tSIB:^ 
-YU'<^2 2iS^^tte4i:cora{r*5V>T%Kffii 

t *(ris V- K w-r 2 2 i: BL^m^m 4 1 -c 

SV ^^cS/<C 5 4rlRlv ■'TV -> 5„ 
[0 17 4] *fcKJ?;^iRitTO*;^iR)®»rEi-t5v^ 
mllSv'- K u-'f •¥ 2 2 <D|g^J|Si# i: H^lKttS 4 <D 

-So 

[0175] r<D J; 5 ^ifefB@B(^iJS.t;'lg^«i#;!i5v'- K 
u-f 2 2 bW.m&'fm 4 t i , iriSv/ 

-KW-lr2 2iK3iS£tt«4 i:(0#ffi-eM:^:J^;^c< i:t> 

ttS 4 ttStriEv'- K u-r 2 2 (Di^fB^jti-i*)*^ ^^■f 
[0 17 6] */c;*:|§M-Ctt«friES5S<Ktte4wKI?S: 



7 nm~3 0 n mOffiHf^T'Ji^^-fS w L.V\ 
r<Dj;51-*|gW•C^4^frl2S3fi«^4e4©|^J¥^lriE< u 

[0 17 7] 02»4, m<r>7.\:^y^y\^zfmMWM^<om 

^r-tt. T/5^P>mS6, N i Fe-g-^]^9tColgl 

oht^hi^^yj-mimi. #8£tt^F^82. s.t;fc 

oIKl 1, Rul^l 2, ^.U^Colgl Sd^Pj^Sa^e 
its 3. S3iattH4:RUJ(S»S7>55aS*iXTV^5o 

[0178] fi^^m<nifi9.m\m\.x\-m i t-iftM l 

[0 17 9] lll2lc^-t-;^t°wVwyM^)^^-?^-Cii, 
5o 

[0 18 0] *fcfrlER^^14S4 t@S<KttS3 tSr 
#1^. mrfBSSifi5tt«4(D^fBS#tBfIIE@S®Etta3 

[0181] ^<ofc!i>wim^m(D'j^fj:< th-m-i^m 

[0182] /<C*>S3SjKttS 4 t S^attS 3 t i5S|^ 
i:W^i;&[R]{-f^*6<3(-[l 1 i]Bi;Lr«§tT.5^ffi 

^^Srt(c*5V^T, f^«6^(r< 1 1 0 >^\^t LT»$ 

[0183] (^i^iiSj^ffi© J: 5 \z.mmK^m.'&m 

4>5S@^^ttM3 0±lcfl^fig;$ixTV^5t§tt. i'-K 
W'^-t. S3^«K14«4SO!@SiS£ttJi3cDKS(;iaS§n 
2)#^{-tt^rWIBS^att»4^[l 1 l]BElR)^?* 

?)„ ^bXrioJ^. *^0^Tii. BfIIES3SattS4}c 

WIB^^^#t#BW<^l*3:ft(*6 8° JJJl±-C7 6° eiT 
[0184] 2 Km-f:^ 
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[0 18 5] Ln^h^mm-^ti. i^i:.*g^#ft:i5/<c$ 

[0 18 61 ±IBCD#^. HfrE]^Jl;^[S)lCfirB-r5lHlST 

f^^Wf- {111} mtL.xm^t\.^^mf£f^ 

[0187] fo5VM4S 2 b'://^;i'>^M^IK* 

sss^tts 4 (DiHijiT^t Hsatts 3 wiHij^ffiK t -ei^ i:^ 

[0 18 8] ±i5o»^, (f[isifffit^il^<c:^ip]ii. ft 
mmc< 111 >*fp)i: LT^^ixS^ffi:^C^fBtt«*- 

iWi^feBJi. ft*6«3l-[l 1 l]Btbr«$tLS 

[0 18 9] ±f2©J;5''iS®m^^^lHlJlf^;J5#t.n5 

t , R^mma 4 1 mmm^m 3 urns t mfta^m^ 

[0 19 0] ^rL-C±ISUfcSii«^i^lH]*T^^^r-r'5 

[0 19 1] *fcgi2(cs^-t-xtf^^W'>^a»^^^r* 
fi. S^fi5tt®4$:«fiK-t-S5cmxfc5V^(47S^X + 
X' <Dm§.)t\-iA5 (a t%) JJJl±6 0 (a t %) £IT 



T-S>6::i:*W*bv\ ;itilcj;»?l. SBXio 
-* (A/m) £JL±cD35^^-a-«S#?r#S^t:65-5rtg-efo 

[0 19 2] i^tL^mm-r^}^. SfFlBTC^Xfe^VM^TC^ 
X + X' c^ffl^ltti:. 4 9 (at%) iJJl±5 7 (at 
%) iJilTT*fo5rt;^i5^Ef4LV\ rixt::j:i9 7. 9Xi 
0^ (A/m) e^±03^^^'g'tg£#^#-5rt;d5pr|g-e 

[0 19 3] ?>:(;i|g3f**56BJtc:feitSSiJ<o;^bf>'/^/p 

[0 1 9 4] E13-ettTd^P)TJfiS6. i^-KW-V2 
2. Shafts 4, @^jK«»3, ^atttf,p«^g2, y 
V -attS 1 ^S^S^tlTV^-So 

[ 0 1 9 5 ] HiIffiTffiS 6 Ta, Hf, Nb, Z 
r, Ti, Mo, W(Doh'Pti:< thim&.±(OjLmX 

[0 19 6] *fcBrrl5V-KV^'ir2 2tt. f^^Mi^ip 

ftS65lc[l 1 imtLxm^h 

*3friB->-Kn'-^2 2(omw^\^m\^x\'imixm.m 
i.tzi><Dtmmxh?>. 

[0 19 7] BfliHv'- KW-lr 2 2 ^S^^tta 4 CDT 

{-Jg^-r 5 t X. «iiB->- K i^-^" ^ 2 2 ±(cjg^ §ix 

•5S^attS4. @S^ttS3. ^14't'F^S2S.O:>' 
[0 1 9 8] *yt03T'tt@Se£ttS3!5S, CoJ^l 

1, 1 3. Rumi 2(D3mi^x'm^^ivx^^?,TiK m 

[0199] V -eSttg 1 H:, N i F e-g-t^]K9 

tcomiot<D2mmxmi^^tix\^>?>i)i. terowH 

[0200] ms K^-f-:^ If ^-/Vvygi^K^^-CJt, 

R^m.\m4tm^m.\im3txK\^^icmfj:^:^\Pi^\fli 

[0 2 0 1] *fcBfn2S^fiStt®4t@Sl^ttS3i«r 

t ic. tfjfBS3a?Ki4s 4 <oi^fBS# mmm^m^m 3 

[0 20 2] r Ofc*fIIE|f-ffiO^J^/<C < t t>-|fP»a#S 

^^m^^h. mtiBi^m\iM4imMm\cj:^xmm 
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[0 20 3] ti:i6Rmiiim4tm&m&M3mtst^ 

Bl^tcjoV^r. f^^6?j(-<l 1 0>*iRji:bT«$ix5 

[0204] *fc*ig?e-ctt, ttriBSSsatta 4 1 

^ttS3i:;dsgi|s#ffitipfif''iir[o)tc:ft^W(c[l 1 1] 

i: *sr-t 5. J^ifcBfrlS^SJS^^ t #ffiP^ <^l^:ft (4 6 8° 
[02051 4fcia3 (C;g%-f-;^ t">-y^/W^MIiM^^T- 

iStt* 4 cDiHi^^ i: HSSJtts 3 (D'm^^t-^'m ciiifc 

[0 2 0 6] L>6-fc*^B^-eH:. l^CJ§^#»:t;as/i^ 
^fcgrlBf-AIl^d^b^fcitfc. tfllHI^;^[nj£il^ 

ro*iBi(c^a-t-?). *)2>^fBffi^^-riH]ifTSff;^^^ RM 

[0 2 0 7] ±Mnm^. mriE^*iRjtr6c«i-siHlJf 
SEy^fi, f^^6<](c {111) ffit Ur^^ixS^ffi'i^ 

[0208] fc?) V-'ttlll 3 tC:^-r:^ f ^^VVy^MSPK^ 
RMm.'&m 4 (DM^^it HSflStt® 3 0[i]*f^ t T-l^ c 

[0 2 0 9] ±iB<o#^. mu^mtmm.fi:)smt. 
^W{-< 111 >:6-iR)t y^x^^n^^mfm^nnij 



ffitW^jrJS^ffifi. f^«6?)tv:[l 1 iDffitLT^Sn 

[0210] ±IH©J; 5 :^jrSiii«^^iSI[H]W^;S5#P)tt5 
t . SSfeiKttM 4 t H^attS 3 ttlKffi t W^t^^lPltc 

^^?:fl-r v-yvPy^M^K^^-c&a t . miss 

[0 2 1 1 1 *fcll3{;:*-r;^t°i^/</w:^a»]K^T--C 
tt. R^^ttS4?r«^-r57n^X&5VMi:5c*X + 
X' ©«afigltf44 5 (a t%) £Jt,±60 (a t %) £tT 
XhiZ-ta^Ut-X^W mjcii^l. 5 8X10 
^ (A/m) «±»^t^S-g-iK#5r#-5c:i:dSprt6-Cfc 

[0 2 12] *fc*^PJ-et^. Sf^lB7cSX$>5V^f^7C^ 
X + X' (^iia^ltf^. 49 (at%) iiil±5 6. 5 (a 
t%) igilT-C&^r ^;6W4UV\ rixlc<t»?7. 9x 
10^ (A/m) gJl±(^32«^^g'&tK#^#^ri:;6Sprfg 

[0 2 13] '^fzm3\^7y^ir X^oKm^y ^) -U^Mi 
±\c\t^ Vyy^m^\p\ (ia^X;^fpj) \cYyy^%i: 

^) 1 6. 1 6;^^SJi^^^^^TV^^o 
[0 2 14] ?^^*5r(7>3i>5';^^zi:^v^/MT;^Sl 6 
X-Mn-g^^ (:/h7tXXt^. Pt, Pd, I r, R 

h, Ru, o s<Doh^^^i\^t^iUiifz\t2m&.±.<o% 

m-^h^) . »*L<{iP tMn^^. t,fz.\tX—Mn 
— X' -g^^ (/cfcLX' fi. Ne. Ar, Kr, Xe, 
Be, B, C, N, Mg. Al, Si, P, Ti, V, 
Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, Z 
r, Nb, Mo, Ag, Cd, Sn, Hf, Ta, W, 
Re, Au, T^h, lkn^±m7tM(Dbhin%1t\^2 

[0 2 15] *5S?^-e(i. wlU^^^^'^^yi^^UTy^ 
fBa:>>^^:c>'v?/-<^T>«^gl 6 t>^!J-SS14ei t 

[0 2 16] ^fcMfa^^;^^^:/v?^WT>'^gi 6 1 
[0 2 17] r(ofci6mJiB#ffi(o^?'^< ^fc-?fP»^*5i 
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[0 2 18] /i*33i^;^^a^i^v?/^-YT;^@i 6tyV 
-rn^rn 1 Ill^Si: W/i*f6)(cf^^Wtc[ 1 1 1 ]ffii: 

[0 2 19] 4fc*ieBJ-C?tt, BfnE::i^^';^f-3.^i^>'^-f 

t:^si 6^mu^mtw^^£:)3mz.fiimmmi 1 1] 

[0 2 20] t.fzm3 {CTji-r:^ if'^y</uzfmM^^f-X 
[0 2 2 1] b>i»%*^p^-et4. I^C«^#ltd5jfe$ 

[0 2 2 2] ±ie©J^. HfllBMm;^[Rl{Cfett-rS[HlST 
IS^[4. f^J^6?J{- {111} BirLT^^ttS^ffij'i^ 

[0 2 23] fcS V'ttH 3 JC^i-X l^i^^VU^MSl^S 



[0 2 2 4] ±fS©S^, HfII5#ffitSE'5:*fS]l4. ft 
«&t{-< 111 >*-[R)t LT«$^^■5^ffi^'i^Stt<?^*■ 
ffitw^i^fsffitt. ■ft*6^tc[i 1 imti^xm^ti 

[02 2 5] ±E© J: 5 j'.cSiia^ilSlElJrfi^^^-rs;^ 

1 6 1 7 y 1 (iieffi t T^Ti'i^ip]}^!^ 
tafE^^;^5=-aiv-:;'/^^T;^Si eii^jaajcio 

[0 2 26] fit[iH7 y -att^ 1 
y-iKttSl*5|ll^x;i^lP]ic*JKEfb$n. 7!J-fiStt 

[0 2 2 7] rwi 5lCLTJI^fig$tl,fc-^i^i!^>'V;^f V 

izi*), yv-m^i(DVy'y^mTyf^m(omitti 
m 1 ^x(omi\:(o:^^(Dm.mt. ^-^mmm 3 (om&m 

[0 2 2 8] El4tt. *^W»c*3lt5<lfeo;^fc'>'/Vw>' 

[02 29] HI 4 tc^^-r;^ t°>'/^^v:/^»M^i=--c», 

S^H^tfc-*^cov'- KW-ir 2 2 tm^^fi. MIEV- 
KW"1'-\'2 2C»±tC3z^>!.^3.>'v'/WT;=^gl 6, 1 

[0 2 3 0] mm-n(Oiy~V\y-^'^2 25.0=3^^^^ 
ai>v'/<-rT;^Bl 6F^J4, S i Og-^A 1 zOg^W^fe 

[0 2 3 1] ^LTStfia^^;^^^^i^^^-rT;^ai 6 

[0 2 3 2] m^d.:^^::^^=^>^yy<^T:^m\ 6(1X- 
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%) &,±60 (a t%) e^TT-&5ii:^5^*L<, i 
9if4U<tt4 9 (at%)£l±5 6. 5 (at%)K 

[0 2 3 3] ^Mm^m-t^tic^'omm^^:^=f:^y 
i^yu T^m 1 6 «:7 y -atts 1 (ot^^Bmm.\^^^^ 

f-x vi^/^-Y t;^® 1 6 1 7 U 1 t4)KE t TO 

[0 2 3 5] *fctfrE^^>^9^=^:^-^^WT;^Mi et 
m 1 6 w^seift sfiie^ v -m^M i osfB!K#fi# 

5. 

[02 36] r <Dfc*BfrlE#B®'>'i< t 

[0 2 3 7] /<C*53i^;^^3.i/i;/MT^^l 6 i:7y 

4fctfrlS^^iBrti;:*5v^-c. ft^Wt-< i i o 
^.vv^/^-f t;^H 1 6 1 7 y -fis^s 1 t-esvM^S'S 

[0 2 3 8] Sfc^^^^^T'li. HfrE^i^'T^f^axVv'/M 
T^ll 6*mi2#StTO''<C*[R)(Cft«6<)lC[l 1 1] 

'i*5MIB3SfS:K#i:*BP^rortA«6 8° iil±t?7 6° 
[02 3 9] *ycE 4 tr;^-t-;^ f://</w7'S»^^^--x 

1 7 y -atts 1 roiiiifr^ t r-i^ \:.m^nni)^ti: ^ tis. 



Jf^ -est ■> -ifc L T V 5 „ 
[0 2 4 0] Ld^fc*^?g-Ctt, mcm^Hifi)^^^ 

fitS.0^®^tgcD|HI^^i:T•Sv^^r-f^^r^^S. fcSv^ 

[0 24 1] ±ffi(0«-a-. tt[|EK^;^iRi{c:fi[B^5IiI«f 

f^mmc {i i u Bi:bT«$ji.5^flii^j:^ 

fsB LT V > 5 r t ;SSif * LV \ 
[0 2 4 2] fc5^^^4E!4^c;^•t;^fcfy/</^7'®»lK^ 

lt$-1tr#fcnfc3;^';;^^3ii^i;»/-<-rT;^H 6^t/7 
M3im^J^(D0h. 3:^;x,^iVi^/WT;^gl 6 0|H] 

Sf^ 1 7 y -iKtt® 1 wiHiSf^ t cjg^<*ct*s:'<i;* 

[0 2 4 3] ±|B©#-g-, HtlE#BirSii:Ji*rrSltt. 

^6f|ir< 1 1 1 >:^]p}thxm^ri^^mti:mMi^(D:^ 
BtWr^i^feBtt. f^^«J{^[l 1 IJBt LX^^ti 
[0 244] ±15© i 5 'Sai§«^-^iEl#f^;65#P>tt5 

t , yipyur^^m 1 6 1 7 y -^ttS 1 » 

mm t ¥fif^<c*fpi{-i^ c^«'*iiefBB;a5®^feiai^ t . Wf 

tt>-g|5;45, *tllE:^^;^^iyi?/WT;^H 6 t7y 
Btil23i^';^f^a:Vi?/WT;^Si eitf^ftiajiii 

[0 24 5] MIE7 y 1 <Oi^{8l«gi5-eil. 

7f^x:»\^{c^mmt$ti. 7y-fisi4ii(D h7 5/^*i 
[0 24 6] ^4 i 5 i-«riE7 y -^ttS 1 <D± 

So 
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to 2 4 7] :^mmX'tXm^Mm^:iS\,^X^ BftES3*fiS 
ttS 4 i: m^mmm 3 fii^B i: Wi*[p](c|3 U^^ffi'fe 

mm 4 t@^a^3i:-eSvMc:S/i.5*-fRlS'[p]V^-CV> 
10 2 4 81 4fcMIBS^attg4 tS^SIttSS tS: 
iIi2R^jKttg4 0feSJK#i:MI2@3£ai4S3 

1 0 2 4 9 1 r«fc*HiJie#fflO{j^'£< t ^>-a5tt#S 
^*^ffi5:»*>. Hfrl5S^®Etta4iil^Mai;iJ:oTjiS 

[0 2 5 0] /it3S3iett«4i:@Satt«3KBt¥ 

ffirttc*5v>T. f^^6St::< 1 1 o^riRit LT^$tL5 
mmti:m^m(D^lPiT!,K S^iSttg 4 i: S^lKltS 3 t 

[0 2 5 1] 4fc:*:^§g-et*. WIBS^SStiS 4 ;6SBiflE 

^/i?efBffi^s«5fegaiR)L. Li4^'bBSIBS3SlK14S4{c 

B(riESfB^#i:#Er^<Ort:S{16 8° gA_h-C'7 6° StT 
[0252] *fcEl4 {;:*-r f 
■&T# f>tbfcH^ai4g® 4 XUt@^lK14a 3 

^fistts 4 (D[H]Sf#a t Hi^atta 3 (o^m^t xm cji 
Rxfmm^(Dmm^txK\,^\^-^Lx\^^^. 

[0 2 5 3] Ld^t^lSWT'tt. I^C*§iif^»t;i5/i^ 

IE Vf- AH;^ i: A/fc*^ - -IS«i^ (4. ItliBSSi^ttS 
©HJr^U^SiUKttawiilJf ^ t -CSV M^TtL-C V ^ 5, 



[0 2 5 41 ±|B©#^. Hfriei^ff*[fiUc{4«-t-siHlJr 
iS^tt. ft;^W{- {111} ffit LT^$ix5^ffi/<cie 

[0 2 5 51 h^\/^nm4\Z7j^-r:^.]:^^^yW:/m.WBM 

1-xti^ mm^mtmu^\^*^bmf-m. (i^-a) sta 
sssestt® 4 (Dmmu t mMmam 3 ©m^^K t -ei^ d 

[0 2 5 61 ±12©^. itrfS#BtSE>S*lR]H:. ft 

m^\^< 1 1 1 >:^[^i:i.xm^n^^^^^m(o:^ 
\^xh'o. fe■5v^^4S3sa^4SJit^®fis^^HOH^n2#B 

i:W?i^Sffil4, f^^KJJ-[l 1 imtLxm^ixh 
[025 71 -hlEro i 5 *Si§«^^lHim;65#t>ti,5 

t s s^iKtts 4 tm^mma 3 ^4KBt¥^f^t*(R]l>l 

llC^:^C^fBB*Sffi^teBBl^iJU. L.d-tmIIE^fBBF*9lC 

S^JKliS 4 14^*0:31 tc i o rS§J/i^lJ^ffiSrS LT 

[0 2 5 81 @5f4if:^MI-*3(j-5x3.T/V>^lf:^^^/V' 

[0 2 5 9] Ill5(c:^i%i-J; 51^, T*^P>T*g6. 
FV-1'-¥2 2, S^<KttS4, H^^ttg3. ^^ttl* 

Pfl«2. *jj;ut7y-affiii ^sa^uTaa^tbTv^ 

oIKlO, 1 0 iN i Fe^^)^9-e«^$tt5, 

^ttS3, shafts 4. ioxxj^^mmii^^mLxm 

[0 2 6 0] TJM6d^f>«»g7*-C©#^ajg 

<©il»-i4x>- hv^^T:^g5, 5. ^aS8, Sdsgf 
[0 2 6 11 ^roiiii^J-ej4. yv—m^ix<oiim 

2 $ tL-C V ^ So $ e> tdlSS^^^ffiS 4 Sr^^l" 
2)7cigx&sv^^45c^x^-x' o«afigJt(4, 45 (at 

%) £Jl±6 0 (a t%) eJl±-CJ^fiK$^x5r 
<. i'9»*U<l44 9 (a t%) £A±5 6. 5 (at 
%) e)(TT-fcS. 
[026 21 ^ LT*^M-C(4l^*!!!a^l;i*5V^T. tfllS 
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10 2 6 3] ^fcmms.?k^^4tm&M\im3ti 
^*tffi5r(s^>. mssiifistts 4 filarial- ioTii^] 

[0 2 6 5] JfedoKSSfiSttS 4 t HS^ttS 3 Kffit ¥ 

®rtlo::fev>r. f^SWtcKl l O >:&lP]i: LT^^tbS 
^ffi;^c3S^tt«^lB];65. 4 i HSeS14S 3 t 

[0 2 6 6] 4fc*^?^-e{i. mmK^mim4 7!imm 

10 2 6 7] SfclH 5 {C^-Tx =u T/W;^ 

^®Etta3^i:U5s^asttg4»;9^/£e>-f, mmm.-^w<o 

[0 2 68] fSts^^^c^M-e^. 7 y -iBttg lit) 

^}M\m^^i\^tzK^w&m 4 -BtMn-smmm 3^4 

fci^ffi t ¥ff ''i:!^!^!-!^ C^ffi?iiefBffi;4Sffi5fegH[pl 

<0'>;^c < h t>-SP*5. fllSS^SEttS 4 t SJtfiSttS 3 
-CSV -'J^m^i ■& *-fpiI i& IP] V V ^ 5 «)T- 5„ 
[0 2 6 9] *fcifIIE^^fiSttg4 t@^«Stte3i:^ 

[0 2 7 0] r©fc*aflE#ffiCi'>?£< tt)-S5W:#S 



[0 2 7 1] fii^wMw&.m4bm%mmM?>^t^ 

ff^j:*|pjjcft^6«)(-[l 1 list L-T^StiS^ffi^i^ 

ffiF*9lct^^^T. f^^fl«jtc< 110 >*|p)t L-CS$ti5 
^flE^iigfBWiK)*!^]^^ S3SJKtt€4 tS£<K^4S3 t 

[0 2 7 2] *fc*5iegT*tt. mllHRSS^tta 4 ^JSmifB 
#StWf/i*lRjlc:f^*6<)li[l 1 l]BtLT«$^x5 
^)^iSfBffidSfimiR)L. L:0-fcHfriES^«SttS4{c 
B:^>:'£< t t-lfBtC^fB:65j^fiS;$H. -^OffrlH^^Bf^ 

[0273] *fcl215 (C^l-;^ t° V^Vu^M^I^^^-e 

-&T#tjixfc. S3Se£14fl42SLU^@^^ttH3(Dgj§« 
^i^IilJf^lcfi, ■tix€tL<Dg(D#;gB^BBS:^i-3S»*&^ 

3S«ttS 4 (^[HlST^i: m%W&m 3 ©iHlJf^ t -eii 

(c^«-r5. fc2>^fBB5r*-riHi}fai,i^i:. Btriaif-A 
[0 2 7 4] \.t^\,imwix\i^ n^nwMViif'fii^ 

^1-<D;^lRH^'eirg-r-5. fcSfeSBSr^-riHlJTSE^Si:, S9 

£Jl^<^*lR}{ce«-t-5, fcS^fBB^^-f-lHlSriff-i^dSS 
5o 

[0 2 7 5] ±120^. mflEKff;&lR]i-<ft«-r5[a]Jf 
t^^WJc {111) Bt UT^^ixS^tfi'.C^ 
SB§r*bTV^Srt;85^fSLV\ 

[0 2 7 6] &2)</^«E5lC:^1-Xlf 
^T'«. fflia#Bi:Sii::^lnl>i-ib«^^ (f-A) SrA 
lt^-BrT#&jxfc. S^ffiSttg4STj:@«eS1tM3WS 
ii«^ll!H]0r«{;i(i. ^ti.m<75®<Z)«-3igfBB^*-riiS» 

*>, S^l^tt»4 0|HlJr«it@SfiS14«3<^|5]5rflKt-e 
5. 
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10 2 7 7] ±IHO^> B(rlE#ffii:ai:''i*lRll4. ft 
^W(C< 1 1 1 >:^|pJt bT^$H5^#''i^Stt<^* 

[02 7 8] ±|BOi 5 /iSiim^ijSliIfT^d5#P>ix5 

[Hl}f^^*--r-5;^l:f^^^Vi'7'M»M^^-efo.5i:, MIS 

[ 0 2 7 9 ] EI 6 . 7 tt. ^tc^e^cOAMRSfiS^SSiS!) 
Td^&^eSttS (SALS) 18, ^flSttS (SHUN 

TS) 19, ioi^xmmmm (mrh) 2 0d5igi^u 
[0 2 8 0] m7Lii.mmms.^m i s^. f e -n i - 

N b 1 9 14. T a m.fSjmM 2 0 

[028 11 ^^iMMmm 2 0 <^)±{C«. Vyyi^m 
3:2>;j.f-3:i^:;'/^-('T;^g (RSSBSItS) 2 1, 2 1^5 

^:^f-:r.>i;^/MT:^S2 1, 2 i <D±\cm^^^^„ 
[0 2 8 2] *fcll7T?«. Vyy^miS^ (Bl^X* 

■t2 2;jSJg^$nTV^5„ mWy-V^^^2 2±.K\t 
3i;?;^'3^iVi?/^-l'T;^^2 1, 2 l;JSJgfiK§n, ttllB 

-*f(0'>'-K^'i'-ir2 2Su:3i^x<9^3:V5;'/wr;^S 

2 1, 2 1 IS^SS i 02^A 1 ^Os^n^mMPcX'l^^ 
[0 2 8 3] * LTHirE3i^>^^3x>-i;^/WT;^«2 

1, 2 1 s-u^BtifB^^ 2 6 ±(c, m^mm (mr 

«) 2 0, (SHUNTS) 1 9, Rxmm'& 

m (SALS) 1 simm^n^o 

[0 2 8 4] *^§g-Ci4, ia6S.Uf7J^^1-3ii^;^^3. 
>i?/^'f T;=^S 2 1 irfiS^Sgig 2 0 (4lg® t 

355. glE:t^;x.^3i>v^/MT;^g2 1 tm%mim2 

0 1 -CSV ^tcM^i 5::^^ [6] Sri^ v>r V ^ 5 o-cfo 5, 

[0 2 8 5] *fcStllE^^X^iyi>=^WT^S2 1 t 
^S^SStS2 0tSrKJ¥i:¥^f't*l^ (ll^z;^lRl) 

g 2 1 t |tll5fiS^lg*L® 2 0 (7))efB«C#»4# 

5. 



[0 28 6] r <7>^a6*ina#®<^'>'fc< t -k-mt^m 

[0 2 8 7] f£i53^i^;^^s:yi^yUr:^M2 i iJK^ 
g^S2 0{4KffitWJtC*l*fJt-ft»W(C[l iimt 

Lxm^n^^m^£f^^mi!)m%m\^ lx\>^^z t am 

*LV\ *fcillE^SBrt(c*3V>T. ft«fi<]J-< 1 1 0 

a:vi?/WTxS2 1 tmmm.m2 0 txm^c^f£ 

[0 2 8 8] *fc:$:^?^T-}4, fllB3^^';^^3:>-i;^yM 

t;^S2 ii)im^iwmt^nfj::^m^Rmmz[i 1 1] 

|H3i^>^^iVv'^WT>^S2 llctt'>;^i< tt,— gPt- 

t;^ 2 1 ti.mm\cTMRm'f-d-hmm^K^m\. 

HflE^^«l?-t#ffilS<^f^:^IH:6 8" £l±X7 6° SIT 
[0 28 9j*fcll6, 7 ii^i-AMRS^K^^T? 

-&T#?5Hfc3i^';^^3:>'-i?/-<^T;^S2 iRxrn^^ 

^m2Q(Dmmm^f^iBii£ffma-i. m^iKomo^^ 

tfraE-^w5t>, :3i:J';^^i:^i^/-<^T;^S2 loiilW^ 

t<Km«^s 2 0 (omifimtxm zmmmi^fi^itK 

[0 2 9 0] i^t^h^^mxfi. mzmmuitii^^i^ 

mM^(o^^^txmHc-rtix\f^i>o fesv^^iinis 

[0 2 9 1] ±iEtD^-g-, mmmm:^mmmt^^9T 
ft^fi^i- {1 1 1 ) ffit Lr«^H5^ffi^i^ 

[0 2 9 2] fcSV^«llI6, 7{C;^-rAMRa»^^^=- 
$*T#P>tvfc3i:}';^f^3:>'-:^^-<-1'T;^S2 IXU^SS^ 

mim2 0(Dmmm^mm^^ia-i. ^n^i^nmo^ 

lH]JfT$!E-iS(?5p'fe>, 3i^';^f-3iVv'/WT;^S2 1 wiHiJf 
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[0 2 9 3] ±12©^. BfllB#ffit^e''i*[6)tt. 
^m^< 1 1 1 >if[P]t LTS^ixS^ffi/iSg^ttro* 

[02 94] -±m(ox b fim^m'i-mi^mmhfi^ 

:t^;=^^3:>-v?^WT;^B2 1 i:^^S$Lg2 Of* 

^^'rT^g2 1 n.mmci.'^xmmfimm.m^^x^ 

[0 2 9 5] ±EUfcll6S.Ut|l|7l;i^1-AMRS!»K 
0, 0 6, 7l,Z7^i-mi5.^^m20(DEmm^. ni^x 

2o<DDmMiom^tiim^x:^mcm^hti 

tl5o X*[RHC*aE^b$Hfcfi3i^efei:^2 OCOD®^ 

g2 0WD«^oa#S^b{c*t-r5«^S{b (a^SSi 

[0 2 9 6] IBiiiE{^©#i!);^(p]ltZ*(pJt?fc(9. E/T^ 

[0 2 9 7] /<C*;±I5 Lfcgl 1 LEI 7 Jc^f flS^iS 

[0 2 9 8] ±|2L.fci5fC, irlSS^iSttS 4 ©56^ 
Xfo.5V^I*7C^X + X' (DB^itlt. 4 5 (a t %) gJl 
±60 (at%) £JlT-e&Sri^5Jf^L<. <tt)»* 
b<H;4 9 (at%)K±5 6. 5 (a t%) ^TXh 

[0 2 9 9] i.^x~o(ommt Lxit. figj^mi-*; 



[0 3 0 0] */c*^M-CH:. fl*D;a^lc4oV>T. 

4 t H^fiStt^ 3 t co#B. 31 ^ v?^W 

/^-r T;^B 2 1 tK^iSeLS 2 0 t ©l^ffi. SO^v'- K 
U4-Y2 2iim^^iv^m^\zti. mrlSix-K 1/^-^2 

2 t R^mi±m 4 t ro#ffi. SU:BfrE'>- h'1^4^2 2 

^m^i^m}immwtm^hmctix\^^^:Lti)m-i. l 

[0 30 1] ^mstmzis\,^xmmwm^^m'^Viimt 
[0302] msti. mi \c7T^-tmMmo^mi^i^L 

6±Jv:i/-KW-1r2 2?rJ^fiKtfcm> *fIES3S^ttS 

4 5r 3 mmxmfSi-r?>o mBm.^m\im 4 ?r«fig-r 5^ 

iroS^ai±S2 3. ||2(^S3Sfl£ttM2 4, &Utf^3 
«OS5S8Stt®2 5tt±IBL,fcX-Mn-^^, X-Mn- 

X' -^^xm^^ivio 

[0 3 0 3] tztzL^mmmcm^x. miRv^f^sn 

S.^U\m23, 2 5Sr«fiK1-57c;«XfeSV>f4il£^X 

+x' (Dm^it^. m2<Ds.^m^2 4<D7cmxhi> 

[0 3 04] *fcBaiB^l©S3ifi£14«2 3i||3©S 
2 5 i: 2 2 4 

ti. fS^mm^cX'^x^mwml■*^hmm^^Kmm\.■^ 

[0 3 0 5] r<z)i5(::^i<^S^^ttB2 3X0=^3 
OS^?Ktte2 5(^5c^X$>5V>tt7n^X + X' ©ffifig 
H:*, ^2 0S3Satt®2 4<^7C«X*)5V^H:7C^X + 
X' (om^itx*) <-r^<Dit. wMmimLtzt 

3Rxy->~Vu^-Y2 2(oefB«ig^^c:^fe)m$n'5^v^J; 

[0 30 6] mmm 1 wsstai^g 2 3Rxj^m 3 cos§s 

attS2 5ro7C^XfoSV'>tt7U^X + X' (D0figJttt5 

3 (a t%) £]l±6 5 (a t %) JJ;^Tt?*)5 ^ t dS»* 
L<. J;I9»4L<«5 5 (a t%) £Jl±6 0 (a t 

%) WTT'&.5„ t.tzm^^i(DR?§imim2 3Riim 

3 ©S^^ttS 2 5 (Dm^n. 3 AU± 3 0 AEkTXh^ 
|g 3 (DR^mitm 2 3,2 5 ^^rH^tL 1 0 AmtX'M 
[0 3 0 7] #IIBll2roS5S8S1tg2 4 05c^Xfe5V^ 
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aytmx+x' (D«afiKJt^4^ 4 4 (a t%) ^±57 

(a t%) &.T-Qm^^tl^o »*U<«. 4 6 (at 
%) &.±5 5 (a t%) Ur-^h^, TC^XfoSVMtTC 

aSrM-r^ t Idi oTS^IB^ 2 (^SSS^ttS 2 4 tt^^ 

©S§Si8SttS 2 4 rolgWfi 7 0 AK±T-fo5 w t 
Lv\ )St3ll 8 tc^^-t-3li£{?!l©^(cil, ttffE^2(?DS 

2 4 ©Kff 5r 10 0 AS^-ej^^LTV5. 
[0 3 0 8] 4fc±EL/c#S?fifiSttS2 3, 2 4, 2 

BlS.U!B3«0S^<^ttg2 3, 2 5^.m2(DR 

a2 3, 2 5©7C^Xfc5V^H:7C^X + X' ©m^tt 
B2©R^iKttM2 4CD7C^Xfo5V''M:7E^X + 
X' romttit) fc::'c#<1-5wi:;5S"IteT'&5„ 
[0 3 0 9] fo5V^H*^?^-e», ^^SPg (iftSfta 

ifr) ^^::fev^TmrfEK^a^te4^±laLfc3a)^-cJ^fiK 

-fr-f. £lTco*ffi(cJ;o-CMIBS:3ifiSttS4^*-B-C 
JgfigL-fcS^-Cb, ^*[pH;i7t;«Xfo5VM15c^X + 

X' ©«a^it (is^^%) ^ii§]{c^ft$*r?i^)?K-f 

[0310] *-f 5cmx t M n t ^r-^^-f SR^iKtt*^ 

h^fflV^T>^/-<i/^JCJ;oTS:3S«Stt®4^J^fiKt-S 
^tC, v'-KW-V2 2A^f>fSttSfCL/td5oT^>!?(C 

BtllSS^attJl4^^^ie«figjeLf::S^t?. 

S4$r^-r'5©-efo5o 

[03 11] rro;^ffitcj;tbtf. 7c^x&5v^«5c^x 
+ X' wmjt (11^%) li, iy-Hi/'l'-V2 2i:ro# 

[0 3 12] r«)fc*7£^Xfc?)V^H:5c^X + X' 
fiKit tt. v'-KW"l'-¥2 25.U:@S^14S3 

[0313] /iiotfllSH^SKttS 3 i:cD#®j£c^XUJv/ 

- K i^-r 2 2 1 (D#ffije«&-c. triHg:3i?KttS 4 sr« 

^-r S^5c^©iftfiglt* 10 0a t % t Lfc i: # IC, 5c 
^Xfo5V^«7C^X + X' (DiftfigJtS:. 53at%e;± 
6 5 a t%eATfC-t-5r tm*U<. <tt)»*L<« 
5 5a t%£ilJi6 0 a t%«Tr'fe5„ 
[0 3 14] *fcS^B£14S4(OMe;^I^0W'^*#3ft 
■r. BfllB5u^X&SV«:5£^X + X' (DiiafigitSr4 4 



(a t%) £A±5 7 (a t %) i^^^Tt-TSr t t 
<. J:9^f*L<(44 6 (at%) eJl±5 5 (at%) 
fiJLT-efcSo *fc«rlSR?iHKttS4WMJ¥Sr7 6A«± 

[0315] I19(*. 118 t;i^-raiS]Ki-*f XMium^ 

[0 3 1 6 1 ±IE<©J; 5 iCBfrlEv'- Ki^^r 

7c^x+x' w|afiS:H:i5s#v^^i&t^|g3ros^fl£i4® 

2 3, 2 5 5:J^^U Ld^fcH&IH|g 1 XTJ^IS 3 

tts 2 3 , 2 5 FB^{i. mmxz. ^'^xmm^'^wm=i- 
^attS2 4^^(tTv^6»T\ fi^aairioTMEB 

2 (OS^fiSttS 2 4 ©^fP5>-T?^ffiASilt? 1 ^ 1 
Xt/®3CDK^lKtt*2 3, 2 5 i:^2©S^e$ttS2 
4F^-t?«lfig;&«i55®r.5t#X.f3tl. LfcdSoTgSISS 
1 3 (DWMmi&M 2 3, 2 5 (Dlf|54>-e . K 

w ir 2 2 xuf@^iKi4s 3 1 (Dwm-vmmic^^^itk 

[0 3 17] ^rLTfiMami-tStl-S^f V^VW^S^ 
1^^T-T?«:. BfrlSS^BSttS 4 t HSattS 3 {IMS t 

h BLmm^m 4 1 m^mmm 3 1 T-^i^trm 

[0 3 18] *fctfIIBS3filKttS4 t@!£lKttS3i:5r 

# \^ . HftfEs^iKtts 4 co^^m.^ tmmm -^mim 3 

[0 3 19] mIIHS?Sfl$ttS4©T{- 

ifrfB2)?S^#i:#BK<^f*9^IH:6 8° iil±-T?7 6° i^T 
T'fo-Sr t^W*bv\ $?>{;:mJi2H^«Sttg3'b[l 
1 1 ]Bt LT*$ti..5#ffi'S^fBffi*5^5feEfB]LTV^ 

[0 3 20] **3f^*!!.3Smi-*3(t5S?S«14S4tJ:li. 
v'— KW-V2 2S.Ut@^e$tta3lCfR)*^5(-L-fc;65o 
r, MntC^-r'55c^Xfe5VM*7n^X + X' 

[0 3 2 1] 02 (c^-r;=!. If v/^/i^r/^SSIg^^o^^ 
T-li. S3S«ttS4Sr±l5Ufc3SlgT'?gfi£LTt>iV^ 

0ijx.«@«iKtt^3fi!ii-^-r5^i»s^sstte2 
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3 1 ^mm 7 minm-r?)^ 2 (OR^m^s 2 An 2 mm 

-\r2 2;JSiH/^!6»f>-efo5„ 

[0 3 221 i 0 KRmm.'&m 4^2 mm-c 

5E^X^>5V^«:7C^X+X' ©il^%©lt^*sliJp-t-5 
[0323] *fclll3rox IfV/VW-^M^K^^WS^ 

2gM-ej^^-t-5. 0 1 (oR^m^m 2 3 ii7 y - 

[03 24] Sfcil 3 {e:;^f 4 SrEl 1 

[0 3 2 5] ia*0;a«lC*D(t5tfIiS3^i5';^^a::/v;/N'^ 

r:^m 1 6 ictt, 7 V 1 5 L/c>JSo 

Mn{C^-rS7C*Xfo5V^(47£^X + X' 

[03 26] i^tcmtmmm^isn^mmR^m^ 4 ^ 

tt, ®^lKtt«3&U5~>-KU'-1'-1r2 2|;i(Rl/!»^5t-bfc 
dJoTMnfC^fi-STC^XfoSV^flTC^X + X' 

[0 3 2 7] *fc|l|4{c*1-;^fc°v^^yw:/M»K*^^o 

Sfat^-^Tfi. R^flStts 4 11 2 wjg-g- 1 mmK 2 m 
m-^m^-r?>. m 1 2 3 3 m 

(OR^m^ 2 4 $rjg^t-s, 

[0 3 2 8] *fc3i^';^f-:n>v?/^^T;^Sl 6^mi 
[0 3 2 9] fgiAQia^l^*3lj-5mII33i^;^^i>'i?/^-r 

T;^si6(ctt, y])~mimimf-'y-v^^^2 2 

^X + X' Oll^%OTJt^;jSli^D-t-S^^d5^[^fi-#-5tj 

[0 3 3 0] *fcf^iaa^lc*5(t.5mS^^ttS4|:: 
H:. @Sl^ttg3lC|R]d^5(-Lfc^SoT. Mnlc*f-r5 
TciilX&SV^ttTC^X + X' ©IS^%<01t*;iSJtJnl-S 

[0 3 3 1] ia5ic:^-r-r3.Tyw;^f://^^i':/S!ifK^ 
^^cD®}jg;^)fe-ettl§I 1 0 (;^/^-r i 5 1-^ 7 y -^ttS i 
±0 tT{l!li-tifit-5S^S$14S4Sr, ^K^S^att 

@ 2 3 , m 2 a)Rmm.m 2 4 . xu:^ 3 nRm&'i^m 
2 5 (D ss^-cj^figu, y y 1 i D t)±tJ(C'& 



■-tss^atts 4 Sr. s 1 ws^satta 1 4 s-u^n 2 

coH^JK14S 1 5 C» 2 SI^T-J^^-r 5. 
[0 3 3 2] MIBmiroK^atte2 3. ||2(OS^^ 
^24, 3 WRSSiKttg 2 5 CO^. SU^m^ 

{^Bl LTttH 1 -cfiM Lfc few 1 1^ i:-e&5„ 

[0 3 3 3 ] 0 1 0 (c^-ti 5 (-fiKKbfc^. ^*D.aSr 
[0 3 3 4] *fc7y-<KttSlJ;'9^5±fill(-?i^fiK$tT- 

f^«!!a^ici3ft5ffiEs®etM4}ctt, a:£fistt 

H3}rifi]d^5{-LfcdSoT, MniC^ff S5cPgX*)S</-> 

[0 335] 6 {;:35-r AM R^»I^T-«5!!ii:^ 
3:^'X^rc>v^^^'rT;^^2 15:01 0{C;^t" 

y y -flSttS 1 J; 9 tEl^±ffii|l-J^fiK$nfcS?tattS 

T;^a 2 1 iK^tefts 2 0 tm-r^m 1 <os^^<4 
s 1 4 tmm&utmm 2 oit^hmtitcmK^^^n^ 
w, 2 (DBmm^ 1 5 1 T*?^^-f-s. 
[0 3 3 6] mim^mtt. mm=^i':^^:^^^'Jy<^ 

v^/MT><.S2 1 tejmSgt«2 Oi:(7)ffi-e;k:t/j:35^ 

[0 3 3 7] ^L-cM*0!a^tc:fcMt5Hijia3i^';^^^>' 
v'/^-rT;^g2 1 dtt, m%mim2 0K}i^t^o\c\^tz 

iJSoT. MnJC*i~r57C^Xfc2)l/'>H:7C*X + X' 
[0 3 3 8] 7 tC/T^t-AMRS»]^^^^W«it* 

vi^^w T 2 1 e^ffist^ 2 0 \c^-r^m 1 » 
2 3 1 , i/- F t'W' 2 2 (rg^-r SIS 3 (OS 
sai^ttji 2 5 1 . mum 1 3 osstatts 2 3 , 
2 5 (DmKmm^ix?>m 2 osssatt® 2 4 r-j^fig-r 

[0 3 3 9] fgj^aasrisi-i:. wim^i^ ^^^^^-^i^^^^ 

7::^m2ntmwMmm^mu mm^^y^'^^y 
i?y<^7y^m2 1 bm^mm2 0 i:op^-c:^t/i22ei 

[0 3 4 0] ^eLTlS5i!ia^tJ:*5(t5Hfll5:ti5'>^^aiV 
v'/^'f T;^® 2 1 (Ctt. fiStteSi® 2 0 SU!v'- K U'W 
\2 2Kmf>^0\c\^tLi>^-oX^ MniC*f-r55c^Xfo5 
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[0341] I112f±, 01 ii^bm 1 1 (-^-TiK^lSii 

[0 3 4 2] ??#4 Ott. ^xtfN i F e -g-^Jfc ifCJ^ 
^fi$ti.fcTS5->-/w KlTfe ►) . ;i (^TSB-^-zw KS 4 
0O±JcTSS=¥^s/yS4 1^5J^^$ttTV^5„ *fcT 
^$^-^^^^4 l<75j:(Cf4, 01/iV^L0 7{c:*1-a^ 
eet^;^^^ 42;iSj^^$ttT*5iJ, $b |cSaiB««ffi 
gi3am^^4 2 0±{;:tt. ±a=¥-r S'7'g4 3;6SJ]^^$ 
tl. BfllB±la5^-ty7'®4 3 0±}C|4. N i F e-g-^Jfe 
if-eJ1^^$tLfc±a5i^->'W KS4 4 ;^i?^fiKSi^•CV^5. 

(0 3 4 31 mt&TU^Yyym4 lRXf±U^^'yy 
S4 3I4. mx.t£S iOa^AlgOa (7;V$-t) ?fcif 
co^feii#i|s^^;:j;-^TJl^fiK$^^-CV^5o mi 2Ji^-rJ:5 
TS5=¥^s/:/g4 l*^e>±Sl5=^-YS'7'g4 3^-C© 

[ 0 3 4 4 J *^Wt?ttS^^ttS 4 OlRiPSr/h$ < L 

[0 3 4 51 f£ilS:^mm-Vi-i. Ml. 03, 04, 05 
SO!0 7^c^3^^TS^^KttS4 (*fcfi^^;^f-aii^i> 
/WT;^gl 6fe.5V^ttlK5lffiStg2 0) (^Tfl'Jl-i>'- 

[0 3 4 6] ffi[J»*ip]i:¥^T'i:::^i6jJc 

[0 3 4 7] 

/^/wp'fg^fl^^S L , S^ffiitte Sr^fiKt- 5 P t M n 
# (Hex) t<Oil^5rf5'<fco 

[0 3 4 8] K«Bg«T;4»b> s i mm/r/i-ii-/T 

^ : Ta (3nm) /v'-KWiT : N i F e (3n 
m) /R^mmm •. P t^Mn^oo-x (1 5 nm) 
BSttg : [Co (1. 5 nm) /Ru (0. 8 nm) / 
Co (2. 5nm) ] /l^fiStt+ffil : Cu (2. 3n 
m) : [Co (1 nm) /N i Fe (3 

nm) ] //^S/i? : Cu (1. 5nm)/«^S: 



Ta (3nm) X'i><0 . #gi::l2«$^tfc}g3fll»t 
[0 3 4 9] StllSSSSjKltlSVB^ilttS^rDC-r^^ 

Um^miim^^^-r?>t^. Ar:^/7.|E^l~3mT 
o r r t Lfc, SfcirlBSSiiSttSSrfiKI^-t-Stt, S 
mt^—^-y hmcomi^ 7 0-^8 0 mm t Lit, ±12 
)K«fiKcD;5^ifv^^>'w:/^Srfi£KUfc^, 2 o oti&l±-C 

2i^Keii±wf?a*!iss:jgL., ^^m-^m^i:mmLfc, 
^(DMfikn^^M 1 3 ic/T^f o 

[0 3 5 0] 0 1 3tc:T%-rJ: 51::, P tMXiimBO 
(a t%) ~5 5 (a t %) Sa*-eiiilDl-5 i, SSS^ 

ig-g-JKI^ (Hex) ■i>mm-t?>zti^iyf)-i>, ifcfJE 

P ta:X;i5iis^)5 5 (a t%) 

{ii^^i^-t 5 i t /i)5fc>*^5„ 
[0 3 5 1] Sgiife-g-^^^iS 1 . 58X1 

0 4 (A/m) £Jl±#P>tv.5#&Sr»*U^P tftt 

L, 01 3{C;T^1-JI»S©m*^b»*LV^P tl;Sr4 5 
(a t%) £il±6 0 (a t %) J^ilTttSl^bfco 
[0 3 5 2] *fc*^B^-CW:32ift3^^^#*5 7.9X1 

0 4 (A/m) tA±#ibn5*g-Sri»3»4U^P t» 
tU 01 3fC:^-tlli5M*;!i^f>J:'9Sf*UV^P t*Sr 
4 9 (a t%) EA±5 6. 5 (a t %) KTtlS^tt 
fc, 

[0 3 5 3] ±K(Oi5i-P tl:JcioT3?mS^a# 
[0 3 5 4] rci-eP tl:«#</itl«i'i5l5ifS3S<K 

[035 5] ilSLfcKW^Oi 5 »cS3*lKi4e 

oTfiflici/- K i^'f -v ^mi^-n Zt\cX.^ xmui^- 

St, ti(ta->-KWi'i:l^«lc:]^®t¥ff>^c;^(RU-[l 

1 l]ffi?rft5feSafPl$it^1-<'i5o 

[0 3 5 6] *fcp tl:(i#fm}€#v>»iifm'>i5(^-e 

[0 3 5 7] S3SBSttg©T{l!lic->- Kv- 
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[0 3 58] i^fz.mmRmm.>m t t i:mm t 
[0 3 5 91 ^tc:^%mxti. mmR^m^mtm^m 

[0 3 6 01 

[0 3 6 1 1 -ifc^mmxti. mriss^«tt«tt«il2# 

M&i)mm^fi. mmM^(D{i^^£< th-n(Dmmm§, 

^^cDrt^f*. 6 8° &.±X7 6° &.rxhi>^ti)m-^ 
[0 3 6 21 ±mLtzmmmiim^m.miici.<}xnhfi 

[0 3 6 31 ±m\^tz^^f^-a-miiim^f£m%m.in^sk 
[EI31 :^mm(Dm3^mmm<o->^^i^j^:^^yy</i^-:f 



[ii5i ^mm(om5mMMm<oy'z.-r/i^:>^}i°'^y<ju:f 
m.mm&i7i^mm^<nmm^AB smm^^ibM^tcmm 
m. 

m 6 1 ^wm^ 6 mmmmoAMRmmum.^^^ 
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